The technology mega-trend of the flat panel display has been emphasizing at the viewpoint of low-power consumption, lowcost, large size, and robustness as well as display performance [1] . Our development of flat panel display has progressed for two display areas. One is about the extremely low-cost and large-sized LCD's for the business of LCD-TV which will play a leading role as cash-cow of LCD market in the near future. The other is about organic based flexible display such mobile appliances as handheld phones and personal digital assistants (PDAs) due to the distinguishable advantages of plastics with respect to glasses: ie. ultra-slim, light-weight and unbreakable, etc. There has been tremendous progress in OTFT performance during the last decade [2] [3] [4] [5] . OTFT has been considered one of the most promising devices, which can be used in a large-sized TFT array on glass as well as on plastic with simple solution process such as inkjet printing, micro-contact printing which can replace the conventional photolithography, PECVD, and dry etch process.
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Development of High Performance Organic TFT
There have been a variety of issues to obtain a large-sized organic TFT panel with a good image quality as much as that of a-Si TFT panel. In order to improve the performance of organic transistor, we have investigated the feature of organic semiconductors (OSC) and gate insulators, the kind of interface treatment, source and drain materials, OSC patterning methods, device contact structures, etc. Pentacene has continued to be the most widely used small molecule semiconductor primarily due to routinely obtainable thin film transistor hole mobilities in excess of 2cm 2 /Vs. Researchers are beginning to investigate long-term and operational stability in pentacene devices, but pentacene still remains the most reliable benchmark material for vapor-deposited thin film transistors.
In our fabrication of organic transistor, pentacene was mainly studied as an organic semiconductor and it was formed by vapordeposition method on gate insulator. The TFT performance of organic semiconductor deeply depends on the properties and surface conditions of gate insulator. We have developed the appropriate gate insulator formulated by polysilicon-acrylate with titanium complex called S4, which can be well-matched with pentacene semiconductor. As fabricating pentacene based OTFT device using S4, we could obtain the world-best field effect mobilities in excess of 7cm 2 /Vs and excellent on/off ratios as ~ 10 6 using Au as source and drain electrodes of top contact with pentacene.
Results and Discussion
It is a well-known fact that both top contact structure and bottomcontact structure can be applied to make TFT devices. Top contact structure is known to be better in TFT property because it is easy to control the channel interface. But it requires thermal evaporation using a shadow mask to define S/D. This is a weak point of top-contact structure. Evaporation is impossible to make high resolution OTFT array where the channel length limitation is about 40um. On the other hand, it is possible to make high resolution OTFT array in bottom contact structure because it is easy to have the channel length of S/D shorter by photolithography. It cannot be avoidable to adopt bottom contact TFT for high-resolution real display. But it is difficult to maintain good interface on organic insulator due to the chemical attack during S/D patterning process. Therefore, it is very important to develop a new gate insulator with high chemical resistance. As mentioned previously, first our pentacene TFT device was made by top contact with Au as source and drain electrodes in order to evaluate whether our new gate insulator S4 is suitable for OTFT so that it was good enough performance to fabricate a high resolution TFT array. So naturally we focused on TFT performance in bottom contact structure because its TFT device can be easy to approach to high resolution TFT array. Field effect mobility in excess of 2.3cm 2 /Vs and excellent on/off ratios as ~ 10 6 was obtained using Au as source and drain electrodes of bottom contact with pentacene.
Figure 2. The transfer characteristic of pentacene TFT made by bottom contact with Au electrode
It is well known that gold is very good material of source and drain electrodes. In spite of this advantage of gold, it is not so good electrode in the fabrication of TFT array for high solution active matrix display. It is difficult to form thin film by way of conventional sputter process. It has so poor adhesion with below layer that glue layer should be introduced on the gate insulator to define very short channel length of less than 5 um. Its bad etching property causes the additional problem of source and drain channel definition. Therefore, new source and drain electrode was investigated to make a novel TFT array with high resolution. Three other metals, Mo, Ni, and ITO, compared with reference gold as source and drain electrode were evaluated in the structure of bottom contact with pentacene. They were considered the candidates which could replace gold because their work functions are close to HOMO level (5.2eV) of pentacene molecule; as known in literature, the work functions of molybdenum, nickel, and ITO are 4.6, 5.15, and 4.8 eV, respectively.
The field effect mobilities and on/off current ratios showed 0.1 cm 2 /Vs and ~10 3 with Mo, 0.002 cm 2 /Vs and ~10 5 with Ni, 0.5 cm 2 /Vs and ~10 6 with ITO. Although the mobility of OTFT with ITO source and drain was about 5 times lower than that with Au electrode, it would be easy to fabricate the high resolution OTFT array so that we decided to adopt ITO as source and drain electrode.
The passivation process on OTFT is very important because the organic semiconductor layer can be easily damaged by the dipping in various etchants and wet chemicals or the exposure of heat and plasma, which causes the fatal degradation of TFT characteristics. So it is necessary to find the proper passivation materials not to damage the organic semiconductor during the additional processes.
15-inch XGA OTFT array based on the previous results was fabricated as follows. First, data line was created by using Cr on bare glass. Interlayer dielectric was coated by organic insulator. Then, gate as Al/Mo and S4 as a gate insulator were formed and it was followed by ITO as source and drain. At that time, pixel electrode could be also created consecutively. Pentacene was evaporated as the thickness of 800 A and the deposition rate of 0.5 A/sec. Organic passivation layer was patterned by photolithography to obtain the fully processed OTFT Array. All plastic LC processes also took place at low temperature to avoid severe thermal degradation and change of molecular ordering of organic semiconductor. First, the coated LC alignment layer was dried at 130 . We used special soft and sticky spacers to prevent spacers from cracking the pixel electrodes and aggregating themselves. Using UV sealant the color filter and TFT layers were assembled. The assembled cell was then filled with liquid crystal via a conventional vacuum filling process. This filling process will be changed to a one-drop filling process to be suitable for mass production in the future. We used the elastic UV sealant able to conserve flexibility of the cell. Upon finishing the LC process the cell gap uniformity reached to 4.6 ± 0.2 um.
Figure 5. Prototype of 15-inch XGA OTFT-LCD
After all, we developed a 15-inch XGA OTFT-LCD (85.3dpi) using LCD pilot line as shown in Figure 5 . It has color reproducibility of 60% and aperture ratio of 38%. The resulting panel luminance is 100 cd/m 2 (transmittance of 7.8%).
Conclusion
15.0 inch XGA organic TFT array and its LCD module were developed, which might be world-largest array size and highest resolution in organic based device. The excellent TFT characteristics were obtained by using our new organic gate insulator S4. (Top Contact : 7 cm2/Vs, Bottom Contact : 1~3 cm2/Vs) Bottom contact structured OTFT with ITO source-drain electrode shows much the same performances as that with gold source-drain electrode. (m =~1 cm2/Vs) Our new organic passivation material was developed to fabricate full-processed TFT array, and showed good enough for solvent stopper. Basic technical hurdles for" OTFT Based Large Display" is under improvement faster than expected and will be solved until 2007. So, dream affordable "OTFT Based Large Display" will be near you no longer than 5 years!! 5.
